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INTRODUCTION
To end hunger and achieve food security for all is a prominent target under the Sustainable Development Goals (Target 2.1) (United Nations Economic and Social Council, 2016) . From this global commitment stems the challenging task of estimating national prevalence rates of food insecurity; estimates that should be comparable across countries and population groups, while also permitting tracking of progress over time.
Holistic measures of food insecurity would ideally assess a broad range of causes, including food utilization or food quality, and outcomes -such as poor health or shame associated with food challenges. More specifically, definitions and measures of food insecurity are beginning to move away from focusing on siloes of access, availability and utilization, and consider factors such as food sufficiency, nutrient adequacy, cultural acceptability, safety, and certainty and stability of foods (Coates, 2013) . Accordingly, using indices or scales has become a more common approach to capturing these different dimensions; leading to a more comprehensive understanding of food insecurity.
Finally, because food insecurity risks vary at the individual, household and community levels in different settings, developing a method to comparably measure food insecurity over groups and across time, remains a challenge. In the global SDG indicators framework, it has been agreed to use the Food Insecurity Experience Scale (FIES) to estimate the prevalence of moderate and severe food insecurity.
In 2013, the Food and Agricultural Organization of the United Nations (FAO) launched the Voices of the Hungry (VoH) project to monitor food insecurity worldwide. The FIES was developed not only to measure the severity of food insecurity at the individual or household level, but also to provide comparisons of food insecurity across countries and over time. The FIES is based on three existing tools that are used to measure food insecurity in household-based surveys: the US Household Food Security Survey; the Household Food Insecurity Access Scale; and the Latin American and Caribbean Food Security Scale (Escalal Latinoamericana y Caribena de Seguridad Alimentaria -ELSCA), and is an experience-based metric that reports food-related behaviours on the inability to access food due to resource constraints (Ballard, Kepple and Cafiero, 2013) .
In 2014, the FIES was introduced in the Gallup World Poll (GWP), a large-scale population-based household survey, covering nearly all countries of the world and with data collected annually. For the SDGs, it is of particular interest, as it is one of very few indicators that may deliver universal country coverage with annual updates, while reflecting a fundamental quality of human life with strong links to various dimensions of well-being. However, a severe limitation of these FIES estimates is that because we are using the GWP, they are derived from responses from individuals aged 15 and over, leaving out individual-level responses from the world's children below age 15. The FIES module itself, however, can be applied to any population group and at the individual or household level.
Children below age 15 constitute more than a fourth of the world's population (World Bank, 2015) . Food insecurity has both nutritional and non-nutritional consequences on child well-being. Children who are exposed to food insecurity are more likely to face adverse health outcomes and developmental risk (Cook et al., 2004; Howard, 2011; Rose-Jacobs et al., 2008) . Food hardship among children also predicts impaired academic performance, and is positively associated with experiencing shame at being out of food, and behavioural problems (Bernal, Frongillo and Jaffe, 2015; Jaffe, Bernal, and Herrera, 2014; Jyoti, Frongillo, and Jones, 2005; Slack and Yoo, 2005) .
As experiences of food insecurity can be particularly critical during developmental phases, children cannot be disregarded when monitoring this particular SDG target. However, asking children directly about their experiences of food insecurity -which would be ideal -is not a viable option in the context of global monitoring; asking very young children about their experience of food insecurity is unfeasible, and due to lack of large-scale comparable surveys administered to older children directly. A second best option, is to estimate the numbers and shares of children below age 15, who live in households with a respondent who is food insecure. Limiting the sample to households with children may account for intra-household inequalities in resource allocation that may not be present in households without children. The objective of this paper is to produce such estimates, to explore how the resulting picture differs from the corresponding prevalence rates among all households, and to assess the properties and robustness of these estimates by exploring the correlations with a range of alternative wellbeing measures.
We develop the first global estimates of food insecurity among households with children under age 15, using nationally-representative GWP data from 2014 and 2015, in the first two years during which the FIES module was administered. Subsequent administrations of the FIES module in the 2016 and 2017 GWP surveys were unavailable at the time of analysis. Using the FIES, we first test the robustness of the measure in comparison to three indicators:
i) The standard GWP measure of food insecurity ("Was there ever a time in the last 12 months when you did not have enough money to buy food?"); ii) Household income per capita; and iii) The Negative Experience Index (NX Index): a composite measure of respondents' feelings from any potential negative experiences the previous day.
We then present regional estimates of food insecurity among households with children under age 15, and compare some of our country estimates of food security to data from national surveys. Finally, we explore the relationship between household income per-capita and the GWP food insecurity indicator over time (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , with particular interest in the period of the Great Recession, which saw highly volatile years in terms of movements of global food prices. We expect regions that were hit harder by the food price shocks and the Recession to show higher levels of sensitivity of food insecurity to income.
DATA AND METHODOLOGY 2a. Gallup World Poll
Since 2005, the GWP has conducted standardized cross-country surveys in over 160 countries. The GWP assesses attitudes and behaviours on topics including well-being, food access, and satisfaction with communities and governments. Approximately 1,000 individuals aged 15 and over are surveyed in each country, based on randomly selected nationally representative samples. The GWP uses multi-stage sampling, first stratifying countries by population size and/or geographic units, then randomly selecting households from each sampling unit, and consequently randomly selecting one individual aged 15 or over in the household for the interview. Sampling weights are applied to make the final sample representative of the total population aged 15 and over. The same core questionnaire is translated into major languages of each country to permit cross country comparisons. Telephone surveys are conducted in countries where telephone coverage exceeds 80% of the population. The core GWP questionnaire includes one question on food security, "Was there ever a time in the past 12 months when you did not have enough money to buy food?" (For further details on methodology and questionnaire design, see: www.gallup.com).
2b. The Voices of the Hungry (VoH) project and Food Insecurity Experience Scale (FIES)
The FIES has been administered through the GWP since 2014. Table 1 details the eight dichotomous questions relating to food insecurity experiences in the preceding 12 months, used in the FIES. Respondents can be classified based on the total number of affirmative responses ranging from 0-8. However, since we expect the severity and risks of food insecurity experience to vary in different settings and contexts, the Raw Scores are likely to be incomparable both across time and countries. Due to this incomparability, the Raw Scores are equated to a global standard to allow for crosscountry comparisons, using Rasch modelling techniques (FAO, 2015b; Rasch, 1993) . Each respondent is given a probability, based on the Raw Score, of being beyond the person severity parameter threshold determined from the global standard. 
2c. Methodology
For Household food insecurity estimates are calculated using household weights, for all three food insecurity indicators. We use child weights to estimate the share of children under 15 years living with a respondent who is food insecure, and calculate this among households with at least one child under age 15, in order to account for households that have more than one child. Data on numbers of adults age 15 years and over, and children under 15, are collected in the GWP. Population estimates of the number of food insecure children in our country sample are calculated using the proportion of children under 15 years in each country, from the World Bank Development Indicators and total population numbers retrieved from FAOSTAT (FAO, 2015a; World Bank, 2015) .
The NX Index is in the core GWP questionnaire, and is a composite measure of respondents' negative experiences from the day before the survey, relating to five feelings: physical pain; worry; sadness; stress; and anger (For more information, see the GWP methodology manual, accessible at: www. gallup.com). To estimate the relationship between food security and log of household income per The FIES was used to measure moderate or severe (FIES-M+), and severe (FIES-S) food insecurity. The GWP food insecurity indicator is, "Was there ever a time in the last 12 months when you did not have enough money to buy food?"
Estimates are weighted means and the corresponding standard errors. Figure 2 shows the global and regional prevalence of food insecurity for households with children under age 15, using the FIES-M+, FIES-S, and the GWP indicator, "Not enough money to buy food." The FIES-M+ is the highest in Eastern and Southern Africa (68%), and the lowest in EAP (9%), while the FIES-S is highest in the Horn of Africa (41%) and lowest in EAP (2%). Similar to the FIES-M+, the GWP indicator is the highest in Eastern and Southern Africa (66%) and the lowest in EAP (15%). Across all regions, the magnitude of the estimates of the GWP indicator are more similar to that of the FIES-M+, than FIES-S measure, and show higher food insecurity than the FIES-M+ in all regions except East & Southern Africa, and the Horn of Africa.
3b. Comparing different measures of food insecurity
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Sub-Saharan Africa has the highest rates of food insecurity, with the FIES-M+, FIES-S and GWP indicator all above the global average. In the Americas, Central America has the highest prevalence of food insecurity measured by all three indicators (FIES-M+: 49%; FIES-S: 20%; GWP: 55%), followed by South America (FIES-M+: 29%; FIES-S: 10%; GWP: 37%), and then North America (FIES-M+: 23%; FIES-S: 8%; GWP: 27%). In Asia, South Asia has higher rates of FIES-M+ (29% vs. 26%) and FIES-S (12 % vs. 9%) compared to SE Asia, but a lower rate for the GWP indicator (37% vs. 39%). Within Asia and globally, the EAP region has the lowest reported levels of food insecurity, as measured by all three indicators (FIES-M+: 9%; FIES-S: 2%; GWP: 15%). Food insecurity rates in MENA (FIES-M+: 29%; FIES-S: 10%; GWP: 34%), EU/non-CIS (FIES-M+: 14%; FIES-S: 4%; GWP: 20%) and the CIS region (FIES-M+: 15%; FIES-S: 2%; GWP: 28%) are lower than the global average. A list of prevalence estimates by country for all households and households with at least one child under 15 years of age is available in Appendix 2. The FIES was used to measure moderate or severe (FIES-M+), and severe (FIES-S) food insecurity. The GWP food insecurity indicator is, "Was there ever a time in the last 12 months when you did not have enough money to buy food?" The GWP selects and surveys one respondent aged 15 years or over per household. Household weights are used for the estimates for all households, and child weights for the households with at least one child under 15 years of age are estimated. The food security indicator is, therefore, the share of children under 15 years of age living in food insecure households, among households with at least one child under 15 years of age.
3c.How do food insecurity measures compare with monetary and non-monetary measures of well-being?
Since the GWP indicator appears to be closer to the FIES-M+ in magnitude, compared to the FIES-S, we correlate the FIES-M+ and the GWP indicator, with income per capita and the NX Index to understand how well the food security indicators capture monetary poverty and a non-monetary measure of well-being. Figure 3 shows results for correlation analysis, where symbols represent the strength of correlation (ranging from 0, no correlation to 1, perfect correlation). Dark blue circles represent the correlation between the NX Index and FIES-M+, and light blue circles with the GWP indicator. Dark purple triangles represent the correlation between household income per capita and FIES-M+, and light purple triangles with the GWP indicator. Globally and on average, the FIES-M+ and GWP indicator are more strongly correlated with the NX Index (0.30 and 0.23 respectively) compared to household income per capita (0.14 and 0.13 respectively) ( Figure 3 ).
Results also indicate that the GWP indicator correlates more strongly than the FIES-M+ to household income per capita in all regions except EAP, EU/non-CIS, North America, and SE Asia. W e s t & C e n t r a l A f r ic a C e n t r a l A m e r ic a N o r t h A m e r ic a S o u t h A m e r ic a E a s t A s ia /P a c if ic
3d. Prevalence and burden of food insecurity by region
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3e. How do the FIES-M+ and GWP indicator estimates compare to national data?
In this section, we provide some sensitivity analyses to understand how the GWP estimates compare to other national data. First, using data from Living Standards Measurement Study (LSMS) in East Africa (Malawi 2013 , Uganda 2011 -12, Tanzania 2012 , we compare estimates of food insecurity in the last 12 months, the poverty rate, and the proportion who reported eating less than three meals a day among households with children under age 15 to the FIES-M+ and GWP indicator ( Figure 5 ). The LSMS are conducted by national Governments in collaboration with the World Bank, are nationallyrepresentative and routinely used for monitoring key indicators, including income poverty and human capital. These countries were chosen because comparable age-disaggregated data on food insecurity and poverty was available from the Multiple Overlapping Deprivation Analyses (De Neubourg et al., 2012) , and were the latest available estimates at the time of this analysis. In all three countries, the under age 15 poverty rates are among the lowest of all indicators at 43%, 26% and 34% in Malawi, Tanzania and Uganda respectively, reflecting a narrowly defined proxy measure of food insecurity. In all countries, the FIES-M+ produced the highest estimates of food insecurity (87%, 60% and 72% in Malawi, Tanzania and Uganda respectively). Second, we use data from the European Union Statistics on Income and Living Conditions (EU-SILC) survey, to provide comparisons in Europe. The EU-SILC is a comparable cross-national survey that provides timely and longitudinal multidimensional microdata on income, poverty, social exclusion and living conditions. Among children under age 15 in Poland, Portugal and the United Kingdom (UK), we look at the proportion who did not eat three meals a day, and the under-18 poverty rate (Figure 6 ), compared to the FIES-M+ and GWP food security indicator (both are under age 15 estimates). Despite the differences in age-groups for the indicators, the GWP indicator is the highest in all three countries: 24% in Poland, 25% in Portugal and 20% in the UK. The FIES-M+ is similar to the poverty rate in Poland (FIES-M+: 14%; poverty rate: 15%) and Portugal (FIES-M+: 18%; poverty rate: 17%), but more than twice the poverty rate in the UK (FIES-M+: 19%; poverty rate: 9%). In all three countries, the proportion who did not eat three meals a day produced the lowest estimates of food insecurity, at 1%, 2% and 4% in Poland, Portugal and the UK respectively. Figure 7a shows the trends in the global prevalence of food security measured by the GWP indicator, and plots the OLS regression coefficient of the predictor log of household income per capita, for all households, and households with children under age 15 (dashed line and solid line respectively). For this part of the analysis, we use food security, measured in terms of, "had enough money to buy food in the past 12 months", instead of food insecurity to better display the trends on the relationship between food security and income.
3f. Income as a determinant of food security over time (2006-2015)
The proportion of all households that are food secure is shown by the blue bars. In addition, since individuals aged 15-24 years were sampled for response to the survey, we also include a comparison of responses from this subsample (dotted line). Regressions control for age, gender, education (all of the main respondents), log of household size, rural residence, and regional fixed effects. However, these are not reported in Figure 7 . Weighted means of all covariates by year, for each of the groups (all households, households with at least one child under 15 years, and respondents aged 15-24 years) is available in Appendix 3. Across all countries in our sample, food security is more sensitive (i.e. higher regression coefficient estimate) to income in almost all years among households with children under age 15, and less sensitive among the youth sample. Although prevalence of food security decreases after 2007 among all households, as shown by the blue bars, during the onset of the Great Recession, food security sensitivity to income peaks slightly in 2008 for households with children under age 15. This relationship then remains fairly constant, until 2011, when we see much greater sensitivity to income (spike in the magnitude of the regression coefficient) for all three groups.
We also replicate the analysis focusing on two regions of interest, Sub-Saharan Africa (Figure 7b ) and Asia ( Figure 7c ). In Sub-Saharan Africa, households with children are only slightly more sensitive to income, than all households or adolescents. 
DISCUSSION AND CONCLUSION
Our estimates present a baseline of the prevalence of food insecurity, as measured by the share of children under age 15, living in households with a food insecure respondent, among households with at least one child under 15 years. Using data from 147 countries and four territories from the 2014 and 2015 GWP, food insecurity, as measured by multiple indicators (FIES-M+, FIES-S, and the GWP indicator, "Did not have enough money to buy food in the last 12 months") remains extremely high, with the highest prevalence in Sub-Saharan Africa, and the largest burden in South Asia. These estimates are the first to quantify the extent of food insecurity among households with children across countries, and ideally, will encourage and provide motivation for continued global efforts to address this issue and monitor progress towards SDGs.
Given the complexity and multi-dimensionality of food insecurity, understanding what the FIES and GWP indicator capture in different regions remains important. The relationship between monetary poverty and food insecurity varies across different contexts and has been well-documented. While poverty may directly translate to changes in food quantity or quality, other factors such as food allocation decisions or feeding practices in the household, could lead to children being protected from, or exposed to food insecurity (Haddad, Peña, Nishida, Quisumbing, and Slack, 1996; Hadley, Lindstrom, Tessema, and Belachew, 2008) . Larger macro factors, such as disruptions to food supply systems and food price shocks can also affect the relationship between poverty and food insecurity. In our analysis, the sensitivity of food insecurity to household income per capita (controlling for other factors) was higher among households with children under age 15, and much more pronounced after
Innocenti Working Paper 2017-09
the Great Recession, particularly in low-and middle-income (LMIC) regions, which were already suffering from the food and energy price shocks during (Verick and Islam, 2010 .
Although there were strong correlations between monetary poverty and the FIES-M+ and GWP indicator, both our food insecurity indicators are more strongly correlated with the NX Index across all regions. The results suggest that these food insecurity indicators encompass more than just monetary poverty alone, with the magnitude of the relationship varying by setting. Comparisons with national-level data in Africa and Europe show that definitions of food insecurity that are limited to monetary poverty or quantity of food alone, may underestimate the true magnitude of this complex issue. Thus, efforts to decrease food insecurity, among all households and households with children, will require unpacking the context of food insecurity in each setting, and tailoring appropriate programme and policy responses.
This analysis warrants the discussion of several limitations. First, our sample consists of 147 countries and four territories, and we do not extrapolate our results to all countries. 1 Therefore, our estimates likely underestimate the true prevalence and burden of food insecurity, especially if food insecurity rates are higher in the countries that are excluded. Secondly, estimates provided at the regional-levels should be interpreted with caution as intra-regional differences in food insecurity undoubtedly exist. Thirdly, marginalized groups within countries who may face higher levels of food insecurity may fall out of the survey sample or be under-represented. Fourthly, we do not control for the endogenous relationship in our regression analyses looking at the relationship between food insecurity and income over time, and therefore, results should be interpreted with caution. Finally, we emphasise that our analysis is built on the assumption that all household members face the same food insecurity risks, since the GWP surveys one randomly selected respondent per household. However, we know that this assumption rarely holds, with individual-level food security risks differing based on factors including intra-household food allocation decisions, often based on age and sex. Furthermore, prior research has shown that children's definitions of food insecurity may substantively differ from those of adults, limiting the extension of the findings to conclusions on child food insecurity (Fram et al., 2013) .
Although there is a growing evidence base on child self-reports of food insecurity, a critical next step will be to determine and define the different domains of child food insecurity across different countries and contexts (Fram et al., 2013; Fram, Bernal, and Frongillo, 2013) . Equally important will be to understand how food insecurity reports differ between children's self-reports and that of guardians and caregivers, whether or not children are insulated from household food insecurity, and how these dynamics may differ by age and sex, across different contexts. The current analysis using the FIES provides a good starting point to understand estimates of food insecurity among households with children to expedite progress towards achieving the SDG Goal of ending hunger by 2030. Afghanistan data for households with at least one child under age 15 is from 2014 only, as it was missing the indicator on number of adults in household (WP12) for 2015, needed to create child weight.
Botswana data for households with at least one child under age 15, is from 2015 only as it was missing the indicator on number of adults in household (WP12) for 2014, needed to create child weight.
Iceland FIES was fielded in 2016.
Turkey data for households with at least one child under age 15, is from 2015 only as it was missing the indicator on number of children in household (WP1230) for 2014, needed to create child weight. 
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